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INTRODUCTION

Uranium (V1) is a ubiquitous contaminant at Hanford and other DOE sites, resulting from
its central role in the nuclear fuel cycle. In-ground migration of uranium (VI) at Hanford,
WA, and other DOE sites is controlled by sorption and desorption processes with
numerous different mineral solids possessing a range of material properties. Hanford
vadose zone porewater and groundwater is generally in equilibrium with calcite that
exists as a minor mineralogic component of all subsurface sediments. The purpose of
this study is to experimentally investigate the influence of calcite and dissolved Ca on
the sorption and desorption of U(VI) by means of batch systems using both Hanford
sediment material and laboratory-grade calcite samples.

MATERIALS AND EXPERIMENTAL METHOD

The Hanford materials studied include a composite of clay/silt sediments (Hanford Silt
Composite, HSC) and a composite of fine sands (Hanford Find Sand Composite,
HFSC), both of which were prepared by PNNL colleagues from core samples. HSC was
collected from the Plio-pleistocene layer between the Hanford and Ringold formations
(42 - 44 m bgs (below ground surface)). The HFSC composite sample was obtained
from the Hanford formation at depth from 19.1 to 29.3 m bgs.
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Batch sorption studies were conducted with U(VI) concentrations ranging from 0.12 x
10® — 12x10° mol/L and pH ranging from 7.2 to 10 at 22.5 °C under a constant partial
pressure of CO, (Pco, = 10°° atm), and ionic strength (I = 0.05). The aqueous phase
comprised calcite-saturated water with Na,CO3-NaHCO3; or HNOg3; addition for pH
control and NaNOg3 as support electrolyte. Studies were conducted with the original
HSC and HFSC as well as with carefully split sub-fractions that included only the silt
and clay size fractions, only the sand size fraction and carbonate free (acetic-acid-
treated) material (Zachara et al., 2002) from the silt/clay fraction.

RESULTS AND DISCUSSION

The primary results indicate that a sorption “equilibrium” of U(VI) with the silt/clay
fraction was established rapidly (within approximately 30 minutes) and that U(VI)
distribution coefficients were independent of the solid/liquid ratio and independent of
U(VI) concentration for concentrations above 10° mole/L. The sorption and desorption
behavior of U(VI) on the original samples was quite similar to that on the silt/clay
fraction and on pure calcite minerals, on a mass basis (See Table 1 and Figure 1). The
carbonate-free silt/clay fraction was found to have a higher sorption affinity for U(VI)
(See Figure 1), which suggests that calcite or other removed phases may cover or block
access to higher affinity sorption sites for U(VI).

Table 1. Comparison of U(VI) sorption and desorption coefficients on different solid
fractions of HSC and calcite with 3 days of sorption and desorption time at an initial
U(VI) concentration of 1.2x10° mol/L under 1= 0.05(NaNOs), pH=8.4+0.1, Pco,=103"°
atm and 22.5 °C.

Solid Solution Sorption Ky Desorption Kq
Original HSC Calcite saturated 171 22+1
Silt/Clay Calcite saturated 18+1 231
Carbonate-free silt/clay | Calcite saturated 3544 58+1
Carbonate-free silt/clay | NaHCOj; solution 364 57+1
Sand Calcite saturated 6+1 14.5+0.5
Calcite Calcite saturated 18+2 22+1
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Figure 1. Sorption isotherms of U(VI) as a function of U(VI) concentration on different
solid fractions of HSC and calcite at pH = 8.4 + 0.1.

An especially interesting observation was that, for these calcite-saturated aqueous
conditions, the sorption of U(VI) on silt/clay fraction of HSC exhibited a maximum
sorption (See Figure 2) at pH = 8.4+0.1, with decreased sorption at both lower and
higher pH (Pco2 = 10%° atm and | = 0.05) and with negligible sorption at pH < 7 or > 10
(solid:liquid ratio = 100 g/L). Results obtained in the range of pH 7.0 to 8.0 are in stark
contrast with results from prior studies in calcite-free systems (Waite et al., 1994;
Barnett et al.,, 2002), which found strong U(VI) sorption in this range. Independent
calculations of aqueous U(VI) speciation (Grenther et al., 1992) under the given water
conditions show that the aqueous complex of Ca,UO,(CO3); (Kalmykov and Choppin,
2000) should dominate at pH below 8.4 and that the aqueous complex of UO,(COs)s*
should dominate at pH above 8.4. The U(VI) speciation of the aqueous phase will be
experimentally tested by applying laser-induced fluorescence spectroscopy at the
temperature of liquid helium.
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Figure 2. U(VI) sorption as a function of pH on silt/clay size fraction of HSC.

Given that the maximum sorption occurred at the approximate pHzpc for calcite (8.4)
(Cappellen et al., 1993), one conceivable explanation for low-pH results is that
carbonate coverings could be dominant sorbing phases at the U(VI) concentrations
studied (>1 pM) and that the Ca,UO,(CO3); species does not strongly associate with
positively charged surfaces. In any case, the results clearly show that U(VI) sorption in
calcite-saturated systems is lower at pH 8.0 than what has previously been observed in
previous studies with calcite-free systems. Overall, the results clearly show that U(VI)
transport under calcite-saturated systems will be a strong function of pH, with sorption
at pH<8.4 being far less extensive than would be predicted if calcium were not
considered.
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